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Abstract: The interaction effects of kinetin and flooding on growth indexes, chlorophyll content, and the activity of 5-aminolevulinic
acid dehydratase (ALA-D; EC 4.2.1.24) in seedlings of corn (Zea mays L. cv. 704) were investigated. Samples were taken 48, 96,
144, and 192 h after the start of treatment. Growth criteria (root length, shoot height, and dry weight) were inhibited more in
flooded plants than in control plants. The pattern of growth changes was similar to chlorophyll a and b, as well as ALA-D activity.
The exogenous application of kinetin (100 ppm) nullified the resulting decrease in growth and chlorophyll, but only partially reduced
the suppression in ALA-D activity. These results indicate that recovery of flood-induced injury and restoration of normal conditions
was maintained either partially or completely by the application of kinetin. This recovery might have been the result of the action of
several hormones, which can trigger internal cellular metabolism and induce changes in the ratios of growth regulators.
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Mısır Fidelerinde Gelişme Ölçütü, Klorofil İçeriği ve 5-Aminolevulinik Asit Dehidrataz
Aktivitesi Üzerine Su Kültüründe Yetiştirme ve Kinetinin Karşılıklı Etkileri
Özet: Mısır fidelerinde (Zea mays L. cv.704), gelişme indeksi, klorofil miktarı ve 5-aminolevulinik asit dehidrataz (ALA-D; EC
4.2.1.24) aktivitesi üzerine, su kültüründe yetiştirme ve kinetinin karşılıklı etkileri çalışılmıştır. Örnekler, muamele başlangıcından
sonraki 48, 96, 144 ve 192. saatlerde alınmıştır. Gelişme kriterleri (kök uzunluğu, sürgün boyu ve kuru ağırlık) kontrol bitkileri ile
karşılaştırıldığında su kültüründe yetiştirilmiş bitkilerde çoğunlukla baskılandığı gözlenmiştir. Gelişmedeki değişiklikler, ALA-D
aktivitesi kadar, klorofil a ve b’ye benzer görülmüştür. 100 ppm’lik kinetinin dış kaynaklı uygulaması, gelişim ve klorofillerdeki
azalmayı geçersiz kılarken, ALA-D aktivitesindeki baskılanmayı kısmen azaltmıştır. Bu sonuçlar, kinetin uygulamasının, hasarın tekrar
düzeltilmesini ve normal durumların düzenlenmesini, ya kısmen ya da tam olarak sağladığını göstermektedir. Bu yeniden düzenlenme,
hücre içi metabolizmanın tetiklenmesine ve oranlarda veya gelişme düzenleyicilerde değişikliklere sebep olabilen bazı hormonların
sonucu olabilir.
Anahtar Sözcükler: 5-Aminolevulinik asit dehidrataz, mısır, su kültüründe yetiştirme, gelişme kriteri, kinetin

Introduction
Flooding is a major environmental stress that can
severely decrease corn crop growth and productivity.
Flooding can cause mineral deficiency, an increase in toxic
compounds in the soil, an increase in disease organisms,
hormone imbalance, and dividers (1). Flooding may inhibit
net photosynthesis due to low stomatal conductance,
decreased water and nutrient uptake, decreased specific
biochemical phenomena for carbon uptake, depression of
photochemical capacity, or some combination of these (2).
Flooding changes the relationship between root and shoot

hormones, e.g., it reduces gibberellins and cytokinins, and
increases the concentration of abscisic acid (ABA). It has
been indicated that ABA content in roots and shoots of
flooded pea plants (Pisum sativum L.) increased up to 8fold (3). Reid and Crozier (4) suggested that the reduced
level of GA3 and cytokinins in the shoots of flooded tomato
plants might be the result of their reduced export from
roots to shoots. Recently, plant growth regulators have
been applied to counteract the deleterious effects of
adverse environmental stresses. In flooded plants, a variety
of plant growth regulators are considered to be of crucial
253
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importance to the process of adventitious root formation
(5). Supplementation of cytokinin could eventually increase
the number of chloroplasts in leaves by enhancing both the
activity of cytoplasm ribosomes and the intensity of cell
growth phytohormones, consequently promoting
chlorophyll synthesis (6). Kinetin is a cytokinin known to
improve the growth of many crop plants grown under
salinity (7), soil flooding (8), and soil pollution (9).
As yet, we know little of the physiological role of
growth regulators, which have occasionally been reported
to counteract the inhibitory effects induced by flooding on
the growth and metabolism of treated plants. The purpose
of the present study was to investigate the influences of
flooding and flooding + kinetin on growth indexes,
chlorophyll content, and activity of 5-aminolevulinic acid
dehydratase (ALA-D; EC 4.2.1.24).

Materials and Methods
Plant Material and Treatment Conditions
Corn (Zea mays L. cv. 704) seeds were obtained from
the Agricultural Research Center of Iran, West Azarbayjan,
Iran. Seeds were surface sterilized in 1% NaOCl (w/v) for
20 min, rinsed with distilled water, and imbibed for 12 h.
The seeds were placed in petri dishes containing moist filter
paper and were kept in a dark incubator for 3 days at 27 °C.
Then, 10 seedlings were sown in each plastic pot (12 cm
in diameter) containing equal amounts (1 kg) of a
homogeneous mixture of sand and clay soil (1:1 w/w).
Seedlings were then left to grow in a growth chamber
under normal 12 h day/night conditions (at 27/20 °C
day/night, photosynthetic photon flux density (PPFD) of
300-350 μmol·m–2·s–1, and relative humidity of 60%). Five
days after planting, the pots were divided into 5 groups; 1
was kept to serve as a control and the 4 others were used
for flooding and flooding + kinetin treatments. For the
flooding treatment, pots were subjected to excess moisture
conditions (standing water up to 2 cm). Each treatment
was performed either with or without the simultaneous
foliar spraying of 100 ppm of kinetin (10). Control plants
remained well watered (60% soil moisture) during the
experimental period. The arrangement of pots was
changed and rotated daily to minimize environmental
variability. The upper leaves of the treatment and control
plants were collected 48, 96, 144, and 192 h after the
start of treatment, frozen in liquid N2, and stored at –80 °C
until analysis.
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Determination of Growth Indexes
Root length (as depth of the root front) and shoot
height (soil surface to tip) of the treatment and control
plants were measured (cm). Dry weight of roots and
shoots were determined on a plant number basis by drying
a known quantity of each tissue at 80 °C for 48 h and then
keeping it in a desiccator until it reached a constant weight.
Root and shoot weight were measured with a digital
balance (Tecator, Model 6110).
Determination of Chlorophyll
Chlorophyll a and b content was measured in the fresh
leaves after extraction with 80% acetone, according to the
spectrophotometric method described by Lichtenthaler and
Wellbum (11).
Extraction and Assay of ALA-D
ALA-D was extracted and assayed according to the
method of Mauzerall and Granick (12). Fresh leaves were
homogenized with chilled acetone, filtered through a
Buchner funnel, and washed with chilled acetone. Residues
were spread on filter paper and allowed to dry at room
temperature. An aliquot of acetone powder (0.5 g) was
mixed with 25 ml of 0.05 M Tris-HCl buffer (pH 9.0) for
10 min at 4 °C and the resulting mixture was centrifuged
at 15,000 g for 30 min at 4 °C, and then the supernatant
was used as an enzyme extract. ALA-D activity was
determined in 3 ml of an incubation mixture containing 2.7
ml of enzyme extract and 0.3 ml of 5 mg/ml ALA in 0.05 M
Tris-HCl buffer (pH 7.0). The mixtures were incubated at
34 °C for 1 h and then stopped by adding 1.5 ml of 0.1 M
HgCl2 in 10% TCA. The quantity of porphobilinogen (PBG)
formed was assayed spectrophotometrically by reaction
with dimethylaminobenzaldehyde at 555 nm.
Statistical Analysis
All experiments were performed with at least 4
replicates. One-way ANOVA was used to determine the
significance of the difference between the results of the
different treatments and then Tukey’s multiple range test
(P < 0.05) was performed. All the statistical analyses were
performed using SAS v.7.0 for Windows.

Results and Discussion
Growth Criteria
The root length and shoot height of the treated plants
were significantly less than those of the controls
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Dry matter content of the roots and shoots of floodtreated plants decreased significantly, as compared to the
controls, during the entire experimental period (Figure 2).
Reductions in root and shoot dry weight were maximum
(44% and 66%, respectively) 192 h after flooding.
Spraying flood-stressed plants with kinetin reversed the
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Figure 1. The effect of flooding, with and without foliar application of
100 ppm kinetin, on root length (A) and shoot height (B) of
corn seedlings. Samples were collected 48, 96, 144, and 192 h
from start of treatment. Each value represents the mean of 4
measurements (SE, P < 0.05).
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throughout the experimental period (Figure 1). The
greatest reduction in root length and shoot height was
observed 192 h after flooding (71% and 72%,
respectively). Exogenous application of 100 ppm of kinetin
increased root length and shoot height compared with
kinetin-treated plants, which became very close to control
values 144 h after treatment, indicating nullification of the
negative effects induced by flooding. Our findings are in
agreement with those published by Lizaso et al. (13) and
Huang et al. (14), who reported that flooding changes
almost every aspect of root and shoot growth. It is also
stated that flooding damage begins when the content of
molecular oxygen in the rooting zone is too low to maintain
aerobic respiration throughout the root tissues. At suboptimal oxygen concentrations every metabolic cell process
significantly reduces with suppression of root growth.
Flooding generally suppressed net photosynthesis by
several mechanisms (15).
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Figure 2. The effect of flooding, with and without exogenous
application of 100 ppm kinetin, on dry weight of root (A) and
shoot (B) of corn seedlings. Samples were taken 48, 96, 144
and 192 h after the start of treatment. Each value represents
the mean of 4 measurements (SE, P < 0.05).

observed decreases in dry matter values throughout the
growth period. Thus, dry matter content of roots and
shoots approached those of the control values in response
to flooding + kinetin after 144 h of treatment. A complete
nullification of the negative effects of flooding on root and
shoot dry weight was observed 192 h after treatment.
Jiang and Wang (16), using creeping bentgrass, and
Cannell et al. (17), using winter oats, reported that
waterlogging led to a decrease in dry matter accumulation.
The reduction in dry weight in the present study might be
attributable to a decline in water uptake, and to
suppression of photosynthetic output and carbohydrate
synthesis. In this respect, Yordanova and Popova (18)
showed that flooding barley plants for 72 h resulted in a
remarkable decrease in photosynthesis and dry matter
accumulation. On the other hand, the decline in the growth
parameters of corn in response to flooding observed in the
present study might have been due to an imbalance in the
quantity of internal phytohormones (increased ABA content
and decreased auxins, gibberellins, and cytokinins content)
(3,19). The results indicate that the inhibitory effects of
flooding on the growth criteria were completely nullified by
kinetin. Similarly, it was reported that application of
phytohormones, such as kinetin, IAA, and GA3, helped to
increase the water content in mungbean plants that had
been subjected to severe water deficit. The role of plant
growth substances in overcoming the negative effects of
255
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stress on growth may be related to alterations in
endogenous cytokinins, which affect plant water
equilibrium and/or reduce root resistance to water flow
(20). Moreover, both GA3 and zeatin increased the surface
area of cotyledons and fresh weight in cucumbers (21).
Chlorophyll a and b
The pattern of change in chlorophyll a in response to
both treatments was similar to that of chlorophyll b (Figure
3). Flooding significantly reduced chlorophyll a and b
content during the entire experimental period. Foliar
application of kinetin to flood-treated plants nullified the
inhibitory effects of flooding on chlorophyll a and b
content. Leaf senescence is a common symptom of flooding
injury and is characterized by changes in chlorophyll
content and other factors. Our results agree with those
published by Yan et al. (22), who reported that chlorophyll
destruction, malondialdehyde accumulation, and membrane
deterioration are related to the degree and speed of
flooding-injury. These parameters can therefore serve as
criteria for evaluating flooding-injury in corn plants.
Moreover, Hurng and Kao (23) showed that flooding
accelerated leaf senescence, as evidenced by decreases in
chlorophyll and/or protein in tobacco plants. They
suggested that flood-induced chlorophyll degradation in
tobacco leaves was due to the phenolic-peroxidase-H2O2
system.
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Conclusion
In summary, this study showed that kinetin could be
an active phytohormone for overcoming the growth
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Figure 3. The influence of flooding, with and without foliar application
of 100 ppm kinetin, on the amount of chlorophyll a (A) and
chlorophyll b (B) in corn leaves (mean ± SE, n = 4, P < 0.05).
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ALA-D activity in leaves of corn was significantly
affected by flooding during the entire experimental period
(Figure 4). Spraying leaves with kinetin nullified the
observed declines in the activity of ALA-D in flooded plants.
On the other hand, although ALA-D activity levels of the
plants in response to kinetin application in combination
with flooding appeared to increase, the activity levels
remained significantly lower than control values
throughout the experimental period. Our results show a
close relationship between the pattern of changes in the
amount of chlorophyll and ALA-D activity (Figures 3 and
4). Thus, the decrease in chlorophyll level appeared to
coincide with the inhibition in enzyme activity in stressed
plants. ALA-D catalyses the formation of the porphyrin
ring, which is utilized in the synthesis of chlorophyll,
cytochrome, peroxidase, and catalase. Thus, the conditions
that suppress ALA-D synthesis will subsequently interfere
with chlorophyll synthesis. The inhibitory effects of
flooding on chlorophyll a and b were completely
counteracted when the plants were sprayed with kinetin.
Similarly, Osborne (24) found that retention of chlorophyll
and delayed leaf senescence induced by flooding were
stimulated by exogenous cytokinins. Moreover, Parthier
(25) and Younis et al. (19) reported that exogenously
applied phytohormones nullified the inhibitory effects of
flooding on photosynthetic pigments in green shoots of
some species. Because flooding decreases the flow of
cytokinins to shoots, it is suggested that flooding-induced
chlorosis may in part be attributed to cytokinin starvation.
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Figure 4. The effect of flooding with and without exogenous application
of 100 ppm kinetin, on ALA-D activity in corn leaves. Each
value represents the mean of 4 measurements (SE, P < 0.05).
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changes in flooded corn plants. The results show that
kinetin primarily counteracted the varied alterations in
growth criteria, chlorophyll content, and ALA-D activity.
Thus, it became evident that kinetin application appeared
to supply more or less sufficient amounts, which were
involved in the recovery of growth under flooding stress.
This recovery may have been a consequence of several roles
played by growth hormones, which can cause triggering
of internal cellular metabolism and also induce changes in
the ratio of growth regulators, which have been shown to
be critical indexes of growth and differentiation.
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